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(54) A beam passage position control apparatus for controllong a beam passage position, and an 
image forming apparatus using the same 



(57) A beam passing position controlling apparatus 
comprises a light source (9) for emitting a beam, a 
mechanism (35, 36, 37) for reflecting the beam toward 
an image carrier surface to scan trie image carrier sur- 
face, a sensor (38) for detecting a position where the 
beam passes on the image carrier surface, a circuit (40) 



for calculating a correction amount from the position 
detected, a mechanism (33a to 33d) tor correcting the 
passing position of the beam on the basis of the correc- 
tion amount, and a circuit (51) for controlling respective 
operations of the apparatus. 
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1 EPO 

Description 

The present invention relates to a beam scanning 
device for simultaneously scanning and exposing a sin- 
gle photosensitive drum with a plurality of laser beams, 
to form a single electro-static latent image on the photo- 
sensitive drum, and an image forming apparatus such 
as a digital copying machine or a laser printer using the 
beam scanning device. 

In recent years, various digital copying machines 
have been developed in which image formation is per- 
formed by scanning and exposing with a laser beam 
and electronic photographing processing. 

More recently, in order to obtain a higher image 
forming speed, developments have been made to a dig- 
ital copying machine adopting a multi-beam method in 
which a plurality of laser beams are generated and 
scanning is simultaneously carried out for a plurality of 
scanning lines with use of a plurality of beams, in order 
to improve the image formation speed. 

This kind of digital copying machine which adopts 
such a multi-beam method comprises a plurality of laser 
oscillators for generating laser beams, a polygon rota- 
tion mirror for reflecting the laser beams generated by 
the plurality of laser oscillators toward a photosensitive 
drum to scan the photosensitive drum with the laser 
beams, and an optical unit as a beam scanning device 
mainly consisting of a collimator lens and an f-6 lens. 

However, in the structure of a conventional optical 
unit, it is very difficult to obtain an ideal positional rela- 
tionship between a plurality of beams on a photosensi- 
tive drum (or a surface to be scanned). In order to obtain 
an ideal positional relationship, respective components 
as well as assembling thereof require high accuracy, 
and hence, the cost of the device is increased. 

Even if an ideal positional relationship is obtained, 
the shape of a lens may be changed slightly or the posi- 
tional relationship between respective components may 
be changed slightly due to circumferential changes, 
such as changes change in temperature and humidity 
or time-based changes. Consequently, the positional 
relationship between beams changes, and as a result, a 
high quality image cannot be formed. Therefore, to con- 
struct this kind of optical system, it is necessary to adopt 
a structure and components which are strong against 
changes as described above. Especially, as for lenses, 
a glass lens which is strong against circumferential 
changes and time-based changes is expensive so that 
the cost of the device is increased. 

In the following, defects in an image which are 
caused when an image is formed with beams whose 
passing positions are erroneously dislocated will be 
explained with reference to FIGS. 15A and 15B and 
FIGS. 16Aand16B. 

For example, in case where a character of T 
shown in FIG. 15A is formed, an image as shown in 
FIG. 15B is formed when a passing position of a beam 
is erroneously dislocated from a predetermined posi- 
tion. In the example of this figure, the passing position of 
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a beam b is shifted from its predetermined position so 
that the distance between beams a and b is reduced 
while the distance between beams b and c is enlarged, 
among four beams a to d used. 

5 FIG. 16A shows an example of an image in which 

emission timings of respective beams are not controlled 
correctly. As is apparent from this figure, the image 
forming position in the main scanning direction is dislo- 
cated so that a longhucfinal line cannot be formed 

w straight. 

FIG. 16B shows an image in which neither the 
passing positions of beams nor the emission timings are 
controlled correctly, defects in an image appear both in 
the sub-scanning direction and in the main scanning 

75 direction. 

Thus, when an image is formed in a multi-beam 
method, beam passing positions in the sub-scanning 
direction must be controlled to be arranged at predeter- 
mined intervals, and the emission timings of respective 

20 beams must be controlled so as to align the image form- 
ing position in the main scanning direction. 

The present invention has an object of providing a 
beam scanning device and an image forming apparatus 
which are capable of controlling positions of beams to 

25 predetermined positions on a scanning surface to be 
scanned and which are therefore capable of continu- 
ously maintaining high image quality, even rf circumfer- 
ential changes and time-based changes occur in their 
optical systems. 

30 In addition, the present invention has another 
object of providing a beam scanning device and an 
image forming apparatus which do not require any par- 
ticular accuracy or adjustment in assembling their opti- 
cal systems especially when using a plurality of beams 

35 and which are capable of continuously controlling the 
positional relationship between respective beams on a 
surface to be scanned, at an ideal positional relation- 
ship, even if changes occur in their optical systems due 
to circumferential changes and time-based changes, so 

40 that high image quality can be continuously maintained. 
According to the present invention, the beam posi- 
tion controlling apparatus comprises means for generat- 
ing a beam; means having a plurality of reflection 
surfaces, for deflecting the beam emitted by the gener- 

45 ating means onto an image carrier, so as to scan the 
image carrier in a first direction with the beam; means 
for detecting a position of the deflected beam so as to 
scan the image carrier, on a surface of the image car- 
rier, and for outputting a f irst signal corresponding to the 

so position of the beam; conversion means for subjecting 
the first signal from the detecting means to ana- 
logue/digital conversion so as to output a second signal; 
means for calculating an adjustment amount by which 
the position of the beam is corrected on the surface of 

55 the image carrier, based on the second signal outputted 
from the conversion means; and means for adjusting 
the position of the beam emitted from the generating 
means in a second direction perpendicular to the first 
direction, based on a calculation result obtained by the 
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calculating means. 

The present invention having the structure 
described above achieves the following operation and 
advantages. Specifically, the passing position of a beam 
can be detected with higher accuracy than a conven- s 
tional apparatus, for example, by providing a measure 
for changing the intensity of the beam or a measure for 
correcting the scanning speed, to accurately control the 
position of a beam passing through the surface of an 
image carrier surface. As a result, a precise correction 10 
amount is calculated and obtained with higher accuracy 
on the basis of the accurate position of the beam thus 
detected, so that position oontrol of a beam can be real- 
ized with higher accuracy. 

Further, according to the present invention, the 75 
beam position controlling apparatus comprises means 
for generating a beam; means having a plurality of 
reflection surfaces, for deflecting the beam emitted by 
the generating means onto an image carrier, so as to 
scan the image carrier in a first direction with the beam; 20 
means for detecting a position of the deflected beam so 
as to scan the image carrier, on a surface of the image 
carrier, and for outputting a first signal corresponding to 
the position of the beam; conversion means for subject- 
ing the first signal from the detecting means to ana- 25 
logue/digital conversion so as to output a second signal; 
means for calculating an adjustment amount by which 
the position of the beam is corrected on the surface of 
the image carrier, based on the second signal outputted 
from the conversion means; means for adjusting a posi- 30 
Won of the beam emitted from the generating means in 
a second direction perpendicular to the first direction, 
basedon a calculation result obtained by the calculating 
means; and means for controlling an emission intensity 
of the; deflecting means when the detecting means 35 
detects the passing position of the beam, such that the 
emission intensity of the deflecting means is greater 
that than when an image is formed by an image forma- 
tion means. 

The present invention having the structure 40 
described above achieves the following operation and 
advantages. Specifically, the position of a beam can be 
detected with higher accuracy by making a more inten- 
sive beam be emitted than that emitted when forming an 
image is formed. On the basis of the position of the 45 
beam detected with this higher accuracy, an optimum 
correction amount for the beam is calculated, so that 
optimum control of the position of a beam can be per- 
formed with higher accuracy. 

Further, according to the present invention, the so 
beam position controlling apparatus comprises means 
for generating a beam; means having a plurality of 
reflection surfaces, for deflecting the beam emitted by 
the generating means onto an image carrier, so as to 
scan the image carrier in a first direction with the beam; ss 
means for detecting a position of the deflected beam so 
as to scan the image carrier, on a surface of the image 
carrier, and for outputting a first signal corresponding to 
the position of the beam; conversion means for subject- 



ing the first signal from the detecting means to ana- 
logue/digital conversion so as to output a second signal; 
means for calculating an adjustment amount by which 
the position of the beam is corrected on the surface of 
the image carrier, based on the second signal outputted 
from the conversion means; means for adjusting a posi- 
tion of the beam emitted from the generating means in 
a second direction perpendicular to the first direction, 
based on a calculation result obtained by the calculating 
means; and means for controlling a scanning speed of 
the scanning means when the detecting means detects 
the passing position of the beam, such that the scan- 
ning speed of the scanning means is greater than that 
when an image is formed by an image formation means. 

The present invention having the structure describe 
above achieves the following operation and advantages. 
Specifically, the passing period of a beam passing 
through light receiving patterns is elongated by perform- 
ing scanning operation with a lower scanning speed 
than that adopted when an image is formed, so that the 
passing position of the beam can be detected with 
higher accuracy. Therefore, on the basis of the position 
of the beam detected with this higher accuracy, opti- 
mum position control of a beam can be realized with 
higher accuracy. 

This invention can be more fully understood from 
the following detailed description when taken in con- 
junction with the accompanying drawings, in which: 

FIG. 1 is a view schematically showing the structure 
of a digital copying machine according to an 
embodiment of the present invention; 
FIG. 2 is a view showing the structure of an optical 
unit and the positional relationship of a photosensi- 
tive drum; 

FIG. 3 is a view schematically showing the structure 
of a beam detector; 

FIG. 4 is a block diagram showing a control system 
constructed for mainly controlling the optical sys- 
tem; 

FIG. 5 is a block diagram explaining passing posi- 
tions of beams; 

FIG. 6A, 6B and 6C are respectively views showing 
relationships between a passing position of a beam 
and a beam receiving pattern output of a beam 
detector, an output of a differential amplifier, and an 
output of an integrator; 

FIG. 7 is a graph showing a relationship between a 
passing position of a beam and an output of an A/D 
converter; 

FIG. 8 is a graph showing an operational resolution 
ability of a galvano mirror; 

FIG. 9 is a graph showing an operational resolution 
ability of a galvano mirror; 
FIG. 10 is a flow-chart explaining schematic opera- 
tion when the power of a printer section is turned 
on; 

FIG. 1 1 is a flow-chart explaining a beam passing 
position control routine; 
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FIG. 12 is a flow-chart explaining a beam passing 
position control routine; 

FIG. 13 is a flow-chart explaining a beam passing 
position control routine; 

FIG. 14 is a flow-chart explaining a beam passing 
position control routine; 

FIGS. 15A and 15B are views explaining image 
defects which may occur when an image is formed 
with a beam whose position is shifted; and 
FIGS. 16A and 16B are views explaining image 
defects which may occur when a image is formed 
with a beam whose position is shifted. 

In the following, an embodiment of the present 
invention will be explained with reference to the draw- 
ings. 

FIG. 1 shows the structure of a digital copying 
machine as an image forming apparatus which adopts a 
beam scanning device according to an embodiment of 
the present invention. Specifically, this digital copying 
machine comprises a scanner section 1 and a printer 
section 2. The scanner section 1 comprises a first car- 
riage 3 and a second carriage 4 which are movable in 
the arrow direction in the figure, an imaging lens 5, and 
a photoelectric transfer element 6. 

In FIG. 1. an original O is placed on an original 
mount 7 made of transparent glass such that the origi- 
nal faces downwards. The original O aligned with a 
mount index which is the center of the shorter edge of 
the original mount 7 in the right-hand side in the figure 
is pressed against the original mount 7 by an original fix- 
ing cover 8. 

The original O is illuminated by a light source 9 and 
the reflection light therefrom is converged onto a light 
receiving surface of the photoelectric conversion ele- 
ment 6, by mirrors 10, 11. and 12 and an imaging lens 
5. Here, the first carriage 3 equipped with the light 
source 9 and the mirror 10 and the second carriage 4 
mounting the mirrors 11 and 12 are moved with a rela- 
tive speed of 2:1 such that the length of the light path is 
maintained to be constant The first and second car- 
riages 3 and 4 are moved by a carriage drive motor (not 
shown) from the right-hand side to the left-hand side in 
synchronization with a read timing signal. 

As described above, an image of the original O 
placed on the original mount 7 is sequentially read in 
units of lines by a scanner section 1 . An output obtained 
by thus reading the image is converted into digital 
image signals representing gradation of the image by 
an image processing section not shown. 

The printer section 2 comprises an optical unit 13 
and an image forming section 14 adopting an electronic 
photographing method in which an image can be 
formed on a paper sheet P as a medium on which an 
image is formed. Specifically, image signals read out 
from the original O by the scanner section 1 are proc- 
essed by an image processing section not shown, and 
thereafter, are converted into laser beams (which will be 
referred to as only beams hereinafter) from semicon- 



ductor laser oscillators. The present embodiment 
adopts a multi-beam optical system using a plurality of 
(two or more) semiconductor laser oscillators. 

Although the structure of the optical unit 13 will be 

5 specifically described later, a plurality of semiconductor 
laser oscillators provided in the unit carry out emission 
operation in accordance with laser modulation signals 
outputted from an image processing section not shown. 
The beams outputted from the oscillators are reflected 

10 by a polygon mirror to form scanning beams which are 
outputted to the outside of the unit. 

A plurality of beams outputted from the optical unit 
1 3 are imaged as spotted scanning beams having a res- 
olution necessary for an exposure position X on a pho- 

is tosensitive drum 15 as an image support member, and 
thus, scanning and exposing are performed. As a result 
of this, an electro-static latent image is formed on the 
photosensitive drum 15, in accordance with image sig- 
nals. 

so In the periphery of the photosensitive drum 15, 
there are provided an electric charger 16 for electrically 
charging the surface of the the drum, a developer 
device 17, a transfer charger 18, a separation charger, 
a cleaner 20, and the likes. The photosensitive drum 15 

25 is driven to rotate at a predetermined circumferential 
speed by a drive motor (not shown), and is electrically 
charged by the electric charger 16 provided so as to 
face the surface of the drum. A plurality of beams (or 
scanning beams) are spotted on an exposure position X 

30 on the charged photosensitive drum 1 5, thereby forming 
an image. 

An electro-static latent image formed on the photo- 
sensitive drum 1 5 is developed with toner (or developer) 
supplied from the developer device 17. The photosensi- 

35 tive drum 15 on which a toner image is formed by devel- 
oping is transferred at a transfer position onto a paper 
sheet P supplied at a certain timing from a sheet supply 
system, by the transfer charger 18. 

The sheet supply system sequentially supplies 

40 paper sheets P in a sheet supply cassette provided at a 
bottom portion, separated from each other by a sheet 
supply roller 22 and a separation roller 23. Every paper 
sheet P is fed to a resist roller 24, and is fed to a transfer 
position at a predetermined timing. In the downstream 

45 side of the transfer charger 18, there are provided a 
sheet conveyer mechanism 25, a fixing device 26, and 
delivery rollers 27. Therefore, a paper sheet P on which 
a toner image has been transferred is fed out onto an 
external sheet supply tray 28 through the delivery rollers 

so 27, after the toner image is fixed by the fixing device 26. 
In addition, a cleaner 20 removes toner remaining 
on the surface of the photosensitive drum 1 5 from which 
a toner image has been transferred onto a paper sheet 
P, and the drum thereby recovers an initial condition in a 

55 stand-by condition. 

Image forming operation is continuously performed 
by repeating the processing operation as described 
above. 

As has been explained above, data is read out from 
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an original O placed on an original mount 7 by a scan- 
ner section 1 , and the data thus read is subjected to a 
series of processing at a printer section 2. Thereafter, 
the data is recorded as a toner image on a paper sheet 

P. 

Next, the optical unit 13 will be explained below. 

FIG. 2 shows the structure of the optical unit 13 and 
the positional relationship of the unit 13 with the photo- 
sensitive drum 15. The optical unit 13 includes, for 
example, four semiconductor laser oscillators 31a, 31b, 
31 c, and 31 d, and each of these oscillators performs 
image formation for one scanning line at the same time, 
so that high speed image formation is realized without 
extremely increasing the rotation speed of the polygon 
mirror. 

Specifically, the laser oscillator 31a is driven by a 
laser driver 32a. A beam outputted therefrom passes 
through a collimator lens not shown and thereafter 
enters into a gatvano mirror 33a. The beam reflected by 
the galvano mirror 33a passes through an half-mirrors 
34a and 34b and enters into a polygon mirror 35 as a 
rotational polygonal mirror. 

The polygon mirror 35 is rotated at a constant 
speed by a polygon motor 36 driven by a polygon motor 
driver 37. In this manner, the beam reflected by the pol- 
ygon mirror 35 swings such that scanning is performed 
in a constant direction at an angle speed depending on 
the rotation speed of the polygon motor 36. The scan- 
ning beam swung by the polygon mirror 35 passes 
through an f-e lens, thereby scanning the light receiving 
surface of a beam detector 38 as a beam passing posi- 
tion detector means and the photosensitive drum 15, 
owing to the f-e characteristic of the 6. 

The laser oscillator 31b is driven by a laser driver 
32b. A beam outputted therefrom passes through a col- 
limator lens not shown and is thereafter reflected by a 
galvano mirror 33b and further by an half-mirror 34a. 
The beam reflected by the half-mirror 34a passes 
through an half-mirror 34b and enters into the polygon 
mirror 35. The route of the beam after the polygon mir- 
ror 35 is the same as that of laser oscillator 31a, i.e., the 
beam passes through an f-6 lens not shown, thereby 
scanning the light receiving surface of the beam detec- 
tor 38 and the photosensitive drum 18. 

The laser oscillator 31c is driven by a laser driver 
32c. A beam outputted therefrom passes through a col- 
limator lens and is thereafter reflected by a galvano mir- 
ror 33c. The beams further passes through an half- 
mirror 34c, is reflected by an half-mirror 34b, and then 
enters into the polygon mirror 35. The route of the beam 
after the polygon mirror 35 is the same as those of the 
laser oscillators 31a and 31b, i.e., the beam passes 
through an f-e lens, thereby scanning the light receiving 
surface of the beam detector 38 and the photosensitive 
drum 15. 

The laser oscillator 31 d is driven by a laser driver 
32d. A beam outputted therefrom passes through a col- 
limator lens not shown and is thereafter reflected by a 
galvano mirror 33d. The beam is further reflected by 



half-mirrors 34c and 34b, and enters into the polygon 
mirror 35. The route of the beam after the polygon mir- 
ror 35 is the same as those of the laser oscillators 31a, 
31b, and 31c, i.e., the beam passes through an f-e lens 
5 not shown, thereby scanning the light receiving surface 
of the beam detector 38 and the photosensitive drum 
15. 

Thus, beams outputted from individual laser oscilla- 
tors 31a, 31b. 31c, and 31d are synthesized by half-mir- 

io rors 34a, 34b, and 34c so that four beams extends in the 
direction toward the polygon mirror 35. 

Therefore, the photosensitive drum 15 can be 
simultaneously scanned with four beams, so that an 
image can be recorded at a four times higher speed 

15 than in a conventional single beam on condition that the 
polygon mirror 35 is rotated at an equal rotation speed. 

The galvano mirrors 33a, 33b, 33c, and 33d are 
used to adjust (or control) the positional relationship 
between beams in the sub-scanning direction, and are 

20 respectively connected to galvano mirror drive circuits 
39a, 39b, 39c, and 39d. 

The beam detector 38 serves to detect passing 
positions and passing timings of four beams, and is pro- 
vided near an end portion of the photosensitive drum 15 

25 such that the light receiving surface of the detector 38 is 
situated at a level equal to the surface of the photosen- 
sitive drum 15. On the basis of a detection signal from 
the beam detector 38, control of the galvano mirrors 
33a, 33b, 33c, and 33d (i.e., control of image forming 

30 positions in the sub-scanning direction), control of emis- 
sion power (i.e., intensity) of the laser oscillators 31a, 
31b, 31c, and 31d, as well as control of emission timings 
(i.e., control of image forming positions in the main 
scanning direction) are respectively performed in corre- 

35 spondence with the beams although the details of the 
control will be described later. The beam detector 38 is 
connected to a beam detector processing circuit 40, in 
order to generate signals for performing the control as 
described above. 

40 In the next, the beam detector 38 will be explained 
below. 

FIG. 3 schematically shows the structure of the 
beam detector 38. As shown in the figure, the beam 
detector 38 comprises light receiving patterns S1 and 

45 S2 and light receiving patterns S3a to S8b. Specifically, 
the light receiving patterns SI and S2 are formed in rod- 
like shapes, and disposed in parallel with a predeter- 
mined distance inserted between each other in the 
direction perpendicular to the main scanning direction. 

so The light receiving pattern S1 is used to detect passing 
timings of four beams, and outputs an electric signal 
when a beam passes. The light receiving pattern S2 is 
used to obtain a timing for circuit operation, and outputs 
an electric signal when a beam passes. 

55 The light receiving patterns S3a to S8b are used to 
passing positions of four beams. Patterns S3a and S3b 
are disposed longitudinally (in the sub-scanning direc- 
tion) thereby forming a pair. Patterns S4a and S4b, pat- 
terns S5a and S5b, patterns S6a and S6b, patterns S7a 
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and S7b, as well as patterns S8a and S8b are disposed 
and paired in a manner similar to the patterns S3a and 
S3b. These six pairs are disposed between the light 
receiving patterns S1 and S2, as is shown in the figure. 

The present embodiment is arranged such that 
recording can be performed at both resolutions of 400 
DPI and 600 DPI (i.e. 63.5 jim and 42.3 pm) Of these 
resolutions, the light receiving patterns corresponding 
to the resolution of 600 DPI are pairs of S3a and S3b, 
S4a and S4b, S6a and S6b, and S7a and S7b, and 
these pairs are shifted from each other by a distance of 
P2 (42.3 jim). 

Further, with use of these pairs of light receiving 
patterns, a passing position o1 a beam a from the laser 
oscillator 31a can be detected by comparing outputs of 
light receiving patterns S3a and S3b with each other; a 
passing position of a beam b from the laser oscillator 
31b can be detected by comparing outputs of patterns 
S4a and S4b with each other; a passing position of a 
beam c from the laser oscillator 31c can be detected by 
comparing outputs of patterns S6a and S6b with each 
other; and a passing position of a beam d from the laser 
oscillator 31d can be detected by comparing outputs of 
patterns S7a and S7b. 

If outputs of patterns forming each pair are well-bal- 
anced, it is understood that each beam passes through 
the center between a pair of patterns and that the dis- 
tance between any adjacent beams is maintained at a 
predetermined distance (i.e., 42.3 *im in this case). 

Light receiving patterns corresponding to the reso- 
lution of 400 DPI are pairs of patterns S3a and S3b, pat- 
terns S5a and S5b, patterns S7a and S7b, and patterns 
of S8a and S8b P and these pairs are shifted from each 
other in the sub-scanning direction by an interval of P3 
(63.5 um). Note that detection of passing positions and 
identification of distances between beams in this case 
are based on the same principal and manner as in the 
above case of 600 DPI. 

Light receiving patterns S3a, S3b, S7a and S7b are 
common to both resolutions of 400 DPI and 600 DPI. 
Thus, since a part of light receiving patterns is com- 
monly used for both resolutions, increases in number of 
light receiving patterns can be minimized. 

Next will be explained the range of the beam scan- 
ning direction with respect to the widths of the light 
receiving patterns S3a to S8b. If the patterns has a 
large width, the distance W shown in FIG. 3 is large too. 
If the distance W is large, substantial values of P2 and 
PS'are greatly changed even when the beam detector 
38 is slightly inclined. In this condition, control targets 
are dislocated even if control operation is regularly car- 
ried out. As a result, proper control cannot be achieved. 
In order to achieve proper control, it is required to install 
the beam detector 38 with high accuracy in relation to 
the scanning direction of beams. 

To obtain any relaxation of the requirement for the 
accuracy, the width of the light receiving patterns S3a to 
S8b in the beam scanning direction should desirably be 
as small as possible. However, if the width of the pat- 



terns S3a to S8b in the beam scanning direction is 
reduced, the signal output period of signals from the 
light receiving patterns is shortened so that signals can- 
not attain an excellent S/N ratio. 

5 Responsive to this problem, the present embodi- 

ment adopts the following measures which will be spe- 
cifically descrtoed later. E.g., the emission power of the 
laser oscillators is raised to enhance the outputs from 
the light receiving patterns themselves, or the rotation 

io speed of the polygon motor 36 (or polygon mirror 35) is 
reduced to elongate the passing periods of beams on 
the light receiving patterns. 

In the next, the control system will be explained. 
FIG. 4 shows a control system which mainly serves 

is to control a multi-beam optical system. Specifically, a 
main control section 51 for performing total control 
includes, for example, a CPU which is connected with a 
memory 52, a control panel 53, an external communica- 
tion interface (l/F) 54, laser drivers 32a, 32b, 32c, and 

20 32d» a polygon mirror motor driver 37, a galvano mirror 
drive circuit 39a, 39b, 39c, and 39d, a beam detector 
output processing circuit 40, a synchronization circuit 
55, and an image data interface (l/F) 56. 

The synchronization circuit 55 is connected with the 

25 image data l/F 56 which is connected with an image 
processing section 57 and a page memory 58. The 
image processing section 57 is connected with a scan- 
ner section 1, and the page memory 58 is connected 
with an external interface (l/F) 59. 

30 Here, brief explanation will be made to the flow of 
image data when an image is formed. 

At first, in case of copying operation, an image of an 
original O set on the original mount 7 is read out by the 
scanner section 1 and sent to the image processing 

35 section 57. The image processing section 57 performs 
conventional shading correction, various filtering 
processing, gradation processing, and gamma correc- 
tion, on image signals from the scanner 1, and thereaf- 
ter, the signals are digitized. 

40 The image data from the image processing 57 is 
sent to the image data l/F 56. The image data l/F 56 
serves to distribute the image data to four laser drivers 
32a, 32b, 32c, and 32d. The synchronization circuit 55 
generates clocks synchronized with the timings at which 

45 beams pass through the beam detector 38. In synchro- 
nization with these clocks, image data is sent in form of 
laser modulation signals, from the image data l/F 56 to 
the laser drivers 32a. 32b, 32c, and 32d from the l/F 56. 
In this manner, image data is transmitted in synchroni- 
se zation with scanning by beams, and as a result, it is pos- 
sible to achieve image formation attaining 
synchronization (or correct positions) in the main scan- 
ning direction. 

A plurality of kinds of clocks are prepared in the 

55 synchronization circuit 55, so as to comply with the res- 
olutions of images to be recorded. Among these kinds 
of clocks, one kind which has a predetermined cycle is 
selected in accordance with an instruction from the con- 
trol panel 53 described later or an instruction inputted 
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from outside through the external l/F 59. 

The synchronization circuit 55 further includes a 
sample timer for forcedly making laser oscillators 31a, 
31b, 31c, and 31d emit beams in a non-image region, to 
control the power of respective beams, and a logic ctr- 5 
cuit for making the laser oscillators 31a, 31b, 31c, and 
31d emit beams onto the beam detector 38, respec- 
tively, to obtain image forming timings of the beams in 
the order of the beams. 

The control panel 53 is a man-machine interface for io 
starting copying operation or for setting a number of 
sheets and the likes. 

The present digital copying machine does not only 
perform copying operation, but also forms and outputs 
image data inputted from outside through the external is 
l/F 59 connected to the page memory 58. In this case, 
the resolution of images must be set in compliance with 
the external l/F 59. Then, the resolution can be 
instructed by the control panel 53. Note that image data 
inputted from the external l/F 59 is once stored into the 20 
page memory 58 and thereafter sent to the synchroni- 
zation circuit 55. 

When the present copying machine is externally 
controlled through a network or the like, the external 
communication l/F operates in place of the control panel 25 
53. 

Galvano mirror drive circuits 39a, 39b, 39c, and 39d 
respectively serve to drive galvano mirrors 33a, 33b, 
33c, and 33d, in accordance with an instruction value 
from the main control section 51. Therefore, the main so 
control section is capable of freely controlling the angles 
of the galvano mirrors 33a, 33b, 33c, and 33d, through 
the galvano mirror drive circuits 39a, 39b, 39c, and 39d. 

The polygon motor driver 37 is a driver for driving a 
motor 36 which rotates the polygon mirror, to perform 35 
scanning with four beams described before. The main 
control section 51 is capable of making the polygon 
motor driver 37 start and stop rotation and switch the 
rotation speed. Switching of the rotation speed is car- 
ried out to reduce the rotation speed to be lower than a 40 
predetermined rotation speed when a passing position 
of a beam is checked, or is carried out to switch the res- 
olution. 

Laser drivers 32a, 32b, 32c, and 32d does not func- 
tion to emit laser beams in accordance with laser mod- 45 
ulation signals from the synchronization circuit 55, 
synchronized with scanning with beams, but also func- 
tions to forcedly make the laser oscillators 31a, 31b, 
31c, and 3 Id emit beams regardless of image data. 

In addition, the main control section 51 sets the so 
power with which the laser oscillators 31a, 31b, 31c, 
and 3 Id emit beams, into the laser drives 32a, 32b, 32c. 
and 32d. Setting of the emission power is corrected in 
accordance with a difference in resolution between 
images to be recorded and with detection of passing ss 
positions of beams. 

The memory 52 serves to store information neces- 
sary for control. For example, the optical unit 13 can be 
rendered capable of immediately forming an image after 



the power source is turned on, by storing control 
amounts for galvano mirrors 33a. 33b, 33c, and 33d and 
the order of arrivals of beams. 

In the next, passing (or scanning) position control 
for beams will be specifically explained below. 

FIG. 5 is a diagram for explaining passing (or scan- 
ning) position control for beams. In this figure, taking 
into consideration one stage of the block diagram in 
FIG. 4, and portions associated with the control in the 
stage are indicated. 

As has been explained above, passing positions of 
the beams are obtained by comparing outputs from 
paired light receiving patterns in a beam detector 38. In 
this figure, paired light receiving patterns for detecting 
passing positions of beams are denoted as S*a and 
S*b. Outputs from these two light receiving patterns S*a 
and S*b are inputted into a differential amplifier 61 pro- 
vided in the beam detector output processing circuit 40, 
and the difference between the two outputs is amplified. 
An output from the differential amplifier 61 is integrated 
by an integrator 62 and is sent to an A/D converter 63. 
The A/D converter 63 converts an output signal from the 
integrator 62 into a digital signal of 00 H to FFH, for 
example. 

Specifically, when a beam subjected to scanning by 
a rotating polygon mirror 35 enters into a light receiving 
pattern S1 of the beam detector 38, the light receiving 
pattern S1 outputs a reset signal (RESET) to the inte- 
grator 62. The integrator 62 clears preceding integration 
information in response to the reset signal and newly 
starts integration operation. 

The integrator 62 is inputted with an output from the 
differential amplifier 61, and the integrator 62 integrates 
the output of the differential amplifier 61 inputted when 
a beam passes through the light receiving patterns S*a 
and S*b. Here, the integrator 62 functions to take in and 
integrate all the outputs of the light receiving patterns 
obtained while a beam is passing through the beam 
detector 38, thereby to obtain a stable output having an 
excellent S/N. 

In the following, operation of the integrator 62 will 
be explained with reference to FIGS. 6A, 6B, and 6C. 
FIGS. 6A to 6C show relationships between a passing 
position of a beam, outputs from light receiving patterns 
S*a and S*b of the beam detector 38, and an output of 
a differential amplifier 61 , and an integrator 62. 

FIG. 6 A shows an example where a beam passes 
through the center of light receiving patterns S*a and 
S*b. in this case, it is ideal that output waveforms of light 
receiving patterns S*a and S*b are absolutely equal to 
each other and the output of the differential amplifier 61 
is continuously maintained at "O". The outputs of the 
light receiving patterns S*a and S*b actually include 
more or less noise, and therefore, the output of the dif- 
ferential amplifier 61 is not "0" but is an output including 
noise. 

If there is no integrator 62, a value of the output 
including the noise at an instance is subjected to A/D 
conversion and is used as passing position information 
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of a beam, so that proper control cannot be achieved. 
However, by integrating the output of the differential 
amplif ier 61 by means of an integrator 62, it is possible 
to obtain a signal from which noise components are 
removed. 

FIG. 6B shows an example where the passing posi- 
tion of a beam is deviated to the side of the light receiv- 
ing pattern S*a. In comparison with the example of FIG. 
6A, the output of the light receiving pattern S*a is large 
while the output of the light receiving pattern S*b is 
small. Therefore, the differential amplifier 61 outputs a 
positive voltage representing that the passing position 
of a beam is deviated to the side of the light receiving 
pattern S*a. 

However, like in the case of FIG. 6A, a noise com- 
ponent is superposed on the the output, and therefore, 
it is difficult to obtain an accurate position. In this case, 
also, an excellent signal including no noise can be 
obtained by performing integration by means of an inte- 
grator 62. 

FIGr6C shows an example where the light receiv- 
ing patterns S*a and S*b are inclined with respect to the 
scanning direction of a beam. Although a sharp inclina- 
tion is illustrated in this figure for easy understanding of 
the operation, there is a case that the inclination may be 
so slight that the inclination cannot be observed with 
eyes. \n the case of this f igure, a beam enters obliquely 
to the light receiving patterns S*a and S*b due to scan- 
ning by the polygon mirror 35. 

Therefore, as shown in the figure, the output of the 
light receiving pattern S*a gradually increases as a 
beam passes. On the contrary, the output of the light 
receiving pattern S*b gradually decreases as a beam 
passes. 

If the difference between these signals are ampli- 
fied, a signal having minus and plus amplitudes is 
obtained as shown in the figure. Actually, a noise com- 
ponent is superposed on the signal obtained. Proper 
control cannot be achieved if such a signal is picked up 
at an instance and is subjected to A/D conversion and if 
the conversion result is used as passing position infor- 
mation of a beam. 

In this case, also, an average passing position of 
beams is obtained by integrating the output of the differ- 
ential amplifier 61 by means of the integrator 62. In the 
case of this figure, a beam averagely passes through 
the substantial center of the light receiving patterns S*a 
and S*b. so that the output of the integrator 62 is sub- 
stantially w 0\ 

The A/D converter 63 is inputted with an output of 
the light receiving pattern S2. As for a signal outputted 
from the integrator 62, A/D conversion is started at a 
timing at which a beam passes through the light receiv- 
ing pattern S2. When the A/D conversion ends, an end 
signal (END) is supplied to the main control section 
(CPU) 51 from the A/D converter 63. The main control 
section 51 treats the end signal as an interruption sig- 
nal, and recognizes that new beam passing position 
information is inputted, and performs corresponding 



processing. 

On the basis of the beam passing position informa- 
tion thus obtained, the main control section 51 calcu- 
lates the control amount for the galvano mirror 33. The 

5 calculation result is stored into the memory 52 if neces- 
sary. The main control section 51 sends the calculation 
result to the galvano mirror drive circuit 39. 

The galvano mirror drive circuit 39 is provided with 
a latch 64 for latching the data, as shown in FIG. 5. 

10 Once the main control section 51 writes data, this sec- 
tion 51 maintains the value until the data is next 
updated. The data latched in the latch 64 is converted 
into an analogue signal (or voltage) by the D/A con- 
verter 65, and is inputted into the driver circuit 66 for 

is driving the galvano mirror 33. The driver circuit 66 
drives and controls the galvano mirror 33 in accordance 
with the analogue signal (voltage) inputted from the D/A 
converter 65. 

In this manner, the passing position of a beam is 

20 detected by the beam detector 38. On the basis of the 
information of the passing position, the main control 
section 51 calculates the control amount for the galvano 
mirror 33. On the basis of the calculation result, the gal- 
vano mirror 33 is driven, and thus, control of the passing 

25 position of each beam is enabled. 

Note that the passing positions of beams slightly 
differ between surfaces of the polygon mirror 35 due to 
beveling of the polygon mirror 35 in many cases. In 
order to eliminate influences therefrom, it is desirable 

30 that beam passing information should be obtained and 
calculated for a number of times equal to the number of 
surfaces of the polygon mirror of the optical system or 
equal to a multiple of the number of the surfaces by an 
integer, and that the galvano mirrors should be control- 
as led on the basis of the average of the beam passing 
information. 

FIG. 7 is a graph showing a relationship between a 
passing position of a beam and an output of the A/D 
converter 63. The lateral axis of the graph represents 

40 the passing position of the beam and exernplarily shows 
the passing position of the beam with respect to light 
receiving patterns S*a and S*b. Specifically, the center 
of the lateral axis means that the passing position of a 
beam exists in the center between the light receiving 

45 patterns S*a and S*b as described above. The left-hand 
side of the lateral axis means that the passing position 
of a beam exists in the light receiving pattern S*b side. 
On the contrary, the right-hand side of the lateral axis 
means that the passing position of a beam exists in the 

so light receiving pattern S*a side. 

A curve A indicated by a broken line means the out- 
put value of the A/D converter 63 with respect to a pass- 
ing position of a beam where the power of a beam, the 
rotation speed of the polygon mirror 35, and the amplifi- 

55 cation factor of the differential amplifier 61 are set to cer- 
tain values. Under this condition, the passing position of 
a beam changes within a range of about 1 00 jim in each 
of S*a and S*b sides from an ideal position (i.e., the 
center of the paired light receiving patterns). The 
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change teaches that the curve is substantially linear 
when the passing position is in the area near the ideal 
position, but the linearity of the curve becomes lower as 
the passing position of the beam is deviated more far 
away from the center. 

This is because the beam has an elliptic or substan- 
tially circular cross section so that the change of the 
area where the beam crosses the light receiving patters 
decreases as the beam is deviated more far away from 
the center. Another factor is that the energy distribution 
of a beam is normally a Gaussian distribution in which 
the energy is largest at the center of the beam and the 
energy level decreases toward the periphery of the 
beam. Therefore, the change ratio of the energy 
becomes smaller as the distance from the center of the 
beam becomes larger. 

In contrast, a curve B indicates a case where the 
power of a beam is raised, the rotation speed of the pol- 
ygon mirror 35 is reduced, and the amplification factor 
of the differential amplifier 61 is raised in comparison 
with the condition described above. This curve B has a 
sharper inclination than the curve A, and is substantially 
linear within a range of ± from the ideal passing position. 
This means that the output of the beam detector 38 is 
increased and the output of the differential amplifier 61 
greatly oscillates with respect to an equal dislocation of 
the beam from the ideal position, for example, when the 
power of the beam is raised. 

When the rotation speed of the polygon mirror 35 is 
reduced, the time period for which the light receiving 
patterns are exposed with a beam is increased, so that 
the output of the beam detector 38 is raised, resulting in 
the same phenomenon as described above. Also, in 
case where the amplification factor of the differential 
amplifier 61 is raised, the output of the beam detector 
38 itself does not change but the same phenomenon as 
described above appears as a result. 

Such characteristics as described above can be 
adopted to detect a passing position of a beam, in the 
following manner. Specifically, the characteristic A indi- 
cated by a broken line in FIG. 7 Is selected when per- 
forming coarse control, while the characteristic B 
indicated by a continuous line in FIG 7 is selected when 
performing fine control. 

For example, in case where the passing position of 
a beam is to be controlled in a state in which the passing 
position of the beam cannot be estimated at all, like in 
an initial operation where the power of the present cop- 
* ying machine is turned on, the passing position of a 
beam can be roughly controlled efficiently by setting the 
power of beams, the rotation speed of the polygon mir- 
ror 35. and the amplification factor of the differential 
amplifier 61 in compliance with the condition which pro- 
vides the characteristic A of the broken line of the graph 
in FIG. 7. 

Under this condition, the A/D conversion value 
changes when the passing position of a beam is within 
a range of ±100 urn. Therefore, the passing position of 
the beam can easily be set within a range of ±100 jim 



from the ideal position if only the main control section 
varies the passing position of the beam in units each 
consisting of 100 \im or so. If the movable range of a 
galvano mirror 33 is. for example, equivalent to a move- 

5 merit range of about 2 mm of a beam on an image sur- 
face, the passing position of the beam can fall in the 
aimed range by making a passing position correction for 
twenty times at worst. 

The passing position of the beam can thus fall 

w within the range of ±1 00 \im. and then, the passing posi- 
tion of the beam can be approximately estimated from 
the A/D conversion value at this time. If the galvano mir- 
ror 33 is controlled on the basis of this value, the pass- 
ing position of the beam can be rapidly controlled 

is although the control attains relatively low accuracy. 
Here, the word "approximately" is used since the char- 
acteristic A of the broken line in FIG. 7 is not linear but 
is loosely curved. 

Meanwhile, the passing position of a beam can be 

20 controlled finely the characteristic B indicated by a con- 
tinuous line of the graph in FIG. 7. In the example of the 
continuous line in FIG. 7, the passing position of the 
beam changes from 00H to FFH within a range of ±10 
urn from the ideal position, and this change is substan- 

25 tially linear. Therefore, in theory, the main control sec- 
tion 51 is capable of detecting the passing position of a 
beam with an accuracy of about 0.08 nm. Conse- 
quently, the passing positions of beams can be control- 
led very accurately if galvano mirrors 33 are controlled 

30 with a detection accuracy raised by correcting one or all 
of the power of beams, the rotation speed of the poly- 
gon mirror 35, and the amplification factor of the differ- 
ential amplifier 61 after the control of the position of a 
beam is carried out as described above. 

35 In the next, the control characteristic of the galvano 
mirrors 33 will be explained. 

FIGS. 8 and 9 show a relationship between data to 
be supplied to the galvano mirror drive circuit 39 and a 
beam passing position on the beam detector 38 (or the 

ao photosensitive drum 15). As shown in FIG. 5, the D/A 
converter 65 of the galvano mirror drive circuit 39 
receives a 16-bit input. 

FIG. 8 shows a state in which the passing position 
of a beam changes with respect to inputs of higher 8 bits 

45 of the 16-bit data. As shown in this figure, the passing 
position of a beam moves by 2000 fim (2 mm) with 
respect to data 00H to FFH. Also, as shown in this fig- 
ure, the passing position of the beam exceeds the 
response range of the galvano mirrors 33, with respect 

so to inputs near 00H and FFH, so that the passing posi- 
tion of the beam does not change. 

However, when an input is within a range of 18H to 
E8H, the passing position of the beam changes linearly 
so that the change ratio is equivalent to a distance of 

55 about 10 per 1 LSB. 

FIG. 9 shows a state in which the passing position 
of a beam changes with respect to inputs of lower 8 bits 
from the D/A converter 65 of the galvano mirror drive 
circuit 39. Note that this figure shows a change of the 
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passing position of a beam with respect to lower 8 bits 
on condition that inputs of higher 8 bits are values within 
a range in which the passing position of the beam 
changes linearly as described above. As is apparent 
from the figure, the passing position of the beam 
changes by about 10 *im with respect to inputs of lower 
8 bits from 00H to FFH, and this changes is equivalent 
to 0.04 pm per 1 LSB. 

In this manner, the main control section 51 is capa- 
ble of moving the beam passing position on the beam 
detector 38, i.e, on the photosensitive drum 15 within a 
range of about 2000 \im with a resolution of about 0.04 
pm and a range of about 2000 pm (2 mm) by supplying 
16-bit data to the galvano mirror drive circuit 39. 

In the next, schematic operation when the power of 
the printer section 2 is turned on will be explained with 
reference to a flow-chart shown in FIG. 10. Note that 
operation of the scanner section 1 will be omitted here- 
from. 

When the power of the present copying machine is 
turned on, the main control section 51 makes a fixture 
roller in a fixing device 26 rotate, and starts heating con- 
trol of the fixing device 26 (S1 and S2). In the next, the 
main control section 51 executes a beam passing posi- 
tion control routine for the sub-scanning direction, to 
control the passing positions of beams to predeter- 
mined' positions (S3). 

After the passing positions of beams are properly 
controlled, synchronized leading-in in the main scan- 
ning direction is carried out, and simultaneously, APC 
control (automatic power control) is carried out by a 
hardware such that each beam is emitted with a desired 
power. In the next, the photosensitive drum 1 5 is rotated 
and processing steps are initialized (S5), for example, 
by maintaining the condition of the surface or the like at 
a constant condition. 

After a series of initialization is thus carried out, the 
fixture roller is kept rotated until the temperature of the 
fixing device 26 increases to a predetermined tempera- 
ture, and thus, the section comes into a stand-by state 
(S6). When the temperature of the fixing device 26 
reaches a predetermined temperaturei the rotation of 
the fixture roller is stopped (S7), and the section goes 
into a copy command waiting state (S8). 

The main control section 51 executes copying oper- 
ation upon receipt of a copy (or print) command through 
a control panel 53 (S9). When the copying operation 
ends, the section goes again into a copy command wait- 
ing state (S8). In addition, the beam passing position 
control routine is automatically executed again (S11), 
for example, when has passed after the beam passing 
position control routine is carried out in the copy com- 
mand waiting state (S10). When this routine ends, the 
section goes again into a copy command waiting state 
(S8). 

Further, when copying operation of plural docu- 
ments is carried out. the control of passing positions of 
beams according to the present invention may be car- 
ried out in so-called inter-sheet processing (which 



means processing to be carried out before an image of 
a next original is formed after an image of an original is 
formed in case where a plurality of originals are copied). 
Specifically, after receiving a command of copying 
s operation, passing positions of beams are detected to 
carry out beam passing position control (S12). Next, it is 
determined whether or not a passing position is dislo- 
cated by a distance greater than a predetermined value 
L if it is greater than the value, beam passing position 
io control is carried out (S14). After control of beam posi- 
tion, the copying operation is carried once (S15). If 
passing positions are dislocated by a distance smaller 
than the predetermined value, position control is not 
carried and the copying operation is executed. And con- 
is tinuation of the copying operation command is checked 
(S8), if the command is continuing, the position adjust- 
ment and the copying routine (S12 to S15) are continu- 
ously performed. 

As the steps described above, when copying oper- 
20 ation of plural sheets, the beam passing position control 
is carried between one copying operation and one cop- 
ying operation (what is called "between papers"). 
Because when the beam passing position is controlled 
during the copying operation it is dangerous that form- 
25 ing image become confusing on its way. 

As a result of this, it is possible to automatically 
carry out control of beams without waiting for any partic- 
ular instructions from an operator. 

In the next, a beam passing position control routine 
30 in the steps S3 and S1 1 in FIG. 10 will be explained with 
reference to the flow-charts shown in FIGS. 1 1 to 14. 

The main control section 51 reads the latest gal- 
vano mirror drive values from the memory 52, and 
makes galvano mirrors 33a, 33b. 33c, and 33d be driven 
35 on the basis of the values (S21). In the next, the control 
section 51 makes the polygon motor 36 rotate at a high 
speed (S22). sets the amplification factor of the differen- 
tial amplifier 61 to be low (S23), and sets the emission 
powers of the laser oscillators 31a, 31b, 31c, and 3ld to 
40 be low (S24), so that the characteristic A (or relation- 
ships between the passing positions of beams and the 
A/D conversion values) is obtained thereby to approxi- 
mately grasp the positions of beams. In this state, the 
rotation sped of the polygon motor 36 and the powers of 
45 the laser oscillators 31a to 31d are equal to the condi- 
tions where an image is formed with a resolution of 600 
DPI. 

By selecting the setting described above, the A/D 
conversion value changes within a range of ±100 pm 

so from an aimed beam passing position as has been 
explained before, and hence, beam passing positions 
can be approximately detected. 

In this state, the laser oscillator 31a is forcedly oper- 
ated to emit a beam a (S25). at first, and the passing 

55 position of the beam a is measured for a number of 
times equal to a multiple of the number of surfaces of 
the polygon mirror 35 by an integer. The average of 
measured passing positions is taken as the passing 
position of the beam a (S26). 
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In the case of the present embodiment, since the 
polygon mirror 35 has eight surfaces as shown in FIG. 
2, passing position information is obtained sequentially 
for 16 times and is averaged as the passing position of 
the beam a. Thus, data is obtained for a number of 
times equal to a multiple of the number of surfaces of 
the polygon mirror 35 and is then averaged, for the rea- 
son that deviation components of the surfaces and the 
axis which appear in cycle of one rotation of the polygon 
mirror 35 can be eliminated and an averaged passing 
position of a beam can be obtained. 

On the basis of the beam passing position informa- 
tion thus obtained, whether or not the averaged passing 
position of the beam a is within an aimed range of ±10 
jim is determined (S27). If the averaged passing posi- 
tion of the beam a is not within the aimed range of ±10 
lim, the position of the gatvano mirror 33a is controlled 
(S28) so as to fall in the range, with use of higher 8 bits 
of a 16-bit control signal for the galvano mirror drive cir- 
cuit 39a (by coarse adjustment), and the passing posi- 
tion of the beam a is measured again (S26). 

If the averaged passing position is determined as 
being within the range of ±10 nm from the aimed pass- 
ing position in the step S27, forced emission of the laser 
oscillator 31a is released, and then, the laser oscillator 
31b is forcedly operated to emit a beam. 

Subsequently, like in the case of the beam a, an 
averaged passing position of the beam b is measured 
and calculated, and the galvano mirror 33b is controlled 
in accordance with the calculation result, so that the 
passing position of the beam b falls in the range of ±10 
jxm from an aimed passing position (S30 to S32). 

Further, passing positions of beams c and d are 
controlled in the same manner as described above, so 
that each of the passing positions falls in a range of ±1 0 
jim from an aimed passing position (S33 to S41). 

In this manner, each of passing positions of four 
beams a, b, c, and d is controlled (coarse adjustment) 
so as to fall in a range of ±10 jim from its own target 
position. 

In the next, the mam control section raises the 
detection accuracy for passing positions of the beams, 
and carries out passing position control more accu- 
rately. 

Specifically, the rotation speed of the polygon motor 
36 is reduced to be lower than that adopted for forming 
an image (S42), and the amplification factor of the differ- 
ential amplifier 61 is set to be high (S43). Further, the 
'emission powers of the laser oscillators 31a, 31b, 31c, 
and 31 d are set to be higher than those adopted for 
forming an image (S44). In this manner, the detection 
accuracy for passing positions of the beams are 
arranged so as to comply with the characteristic B indi- 
cated by a continuous line in FIG. 7. 

Now, when beam passing position is detected, it is 
enough that at least one of the processes of S42 t S43, 
S44 - for raising the detection accuracy in appearance - 
is performed. If one of the three processes or two com- 
bination of them are performed, an effect of raising 



detection accuracy is gained by a certain degree. 

In this state, the laser oscillator 31 a is forcedly oper- 
ated to emit a beam a (S45), and the passing position of 
the beam a is measured for a number of times equal to 
5 a multiple of the number of surfaces of the polygon mir- 
ror 35 by an integer. An averaged value of the measured 
passing positions is calculated and the passing position 
of the beam a is obtained (S45). 

Here, the beam passing position is measured with a 
w higher accuracy than in the above-described measuring 
(for the coarse adjustment), and therefore, it is ideal that 
the averaged position should be obtained on the basis 
of data equivalent to five or more rotations of the poly- 
gon mirror 35, i.e., data obtained by measuring the 
is passing position for 40 or more times. 

On the basis of beam passing position information 
thus obtained, whether or not the averagbd passing 
position is within a range of ±1 jim from an aimed posi- 
tion is determined like in the above case of coarse 
20 adjustment (S47). If the averaged passing position of 
the beam a is not within the range of ±1 urn from the 
aimed position, as a result of this determination, the 
position of the galvano mirror 33a is controlled (fine 
adjustment) so as to fall in the range (S48). with use of 
25 all the 16 bits of a 16 bit control signal for the galvano 
mirror drive circuit 39a and the passing position of the 
beam a is measured again (S46). 

If the averaged passing position is determined as 
being within a range of ±1 ujti from the aimed passing 
so position in the step S47, the force emission of the laser 
oscillator 31a is released, and then, the laser oscillator 
31b is forcedly operated to emit a beam b (S49). 

Subsequently, like in the case of the beam a, an 
averaged passing position of the beam b is measured 
35 and calculated, and the galvano mirror 33b is controlled 
in accordance withe the calculation result, so that the 
passing position of the beam b falls in fall in the range of 
±1 pm from an aimed passing position (S50 to S52). 
Further, passing positions of beams c and d are 
ao controlled in the same manner as described above, so 
that each of the passing positions falls in a range of ±1 
from an aimed passing position (S53 to S61). 
In this manner, each of passing positions of four 
beams a, b, c, and d is controlled (fine adjustment) so as 
45 to fall in a range of ±1 um from its own target position, 
and control values for the galvano mirror drive circuits 
33a to 33d in this control are stored into the memory 52 
(S62). 

Incidentally, so the control (S12 to S14 on FIG. 10) 
so of plural sheets is performed every one copying opera- 
tion and control time is short (frequently control), a shift 
value of the beam passing position is not larger than 10 
pm. Therefore, on the coarse adjustment (S22 to S43) 
the control (S12 to S14) can be omitted. The coarse 
55 adjustment omission makes possible to perform the 
copying operation with favorite image without reducing 
the speed of copying operation. 

As has been explained above, according to the 
present invention, a digital copying machine using a 
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multi-beam optical system has the following features. 
Specifically, each of passing positions of beams is 
detected by a beam detector provided at a position 
equivalent to the surface of a photosensitive drum, and 
on the basis of the detection results, calculation is car- 
ried out to obtain a beam path control amount with 
which the relative position of each beam on the surface 
of the photosensitive drum is controlled to a proper posi- 
tion. In accordance with the beam path control amount 
thus calculated, a gaivano mirror for correcting the rela- 
tive position of each beam on the surface of the photo- 
sensitive drum is controlled. Therefore, the positional 
relationship between beams each other can continu- 
ously be controlled to be an ideal positional relationship, 
without requiring any particular accuracy or adjustment, 
even if any change is caused in the optical system due 
to circumferential changes or time-based changes. 
Consequently, a high image quality can be continuously 
maintained. 

In the above embodiment, description has been 
made to a case of adopting the present invention to a 
digital copying machine using a multi-beam optical sys- 
tem. However, the present invention is not limited to this 
embodiment, but is applicable to a single beam optical 
system and further to other image forming apparatuses 
than a digital copying machine. 

As has been described above, according to the 
present invention, it is possible to provide a beam scan- 
ning device and an image forming apparatus which are 
capable of controlling positions of beams to predeter- 
mined position on a scanning surface to be scanned 
and are therefore capable of continuously maintaining a 
high image quality, even if circumferential changes and 
time-based changes are caused in their optical sys- 
tems. 

In addition, according to the present invention, it is 
possible to provide a beam scanning device and an 
image forming apparatus which do not require any par- 
ticular accuracy or adjustment in assembling their opti- 
cal systems especially when using a plurality of beams 
and which are capable of continuously controlling the 
positional relationship between respective beams on a 
surface to be scanned, at an ideal positional relation- 
ship, even when changes appear in their optical sys- 
tems due to circumferential changes and time-based 
changes, so that a high image quality can be continu- 
ously maintained. 

Claims 

1. A beam position controlling apparatus character- 
ized by comprising: 

means (31a to 31d) for generating a beam; 
means (35) having a plurality of reflection sur- 
faces, for deflecting the beam emitted by the 
generating means onto an image carrier, so as 
to scan the image carrier in a first direction with 
the beam; 



means (38) for detecting a position of the 
deflected beam so as to scan the image carrier, 
on a surface of the image carrier, and for out- 
putting a first signal corresponding to the posi- 
5 tion of the beam; 

conversion means (63) for subjecting the first 
signal from the detecting means to ana- 
logue/digital conversion so as to output a sec- 
ond signal; 

to means (51) for calculating an adjustment 

amount by which the position of the beam is 
corrected on the surface of the image carrier, 
based on the second signal outputted from the 
conversion means; and 

75 means (33a to 33d) for adjusting the position of 

the beam emitted from the generating means in 
a second direction perpendicular to the first 
direction, based on a calculation result 
obtained by the calculating means. 

20 

2. A beam position controlling apparatus according to 
claim 1 , characterized by further comprising 

means (14) for controlling the generating 
25 means such that the beam is emitted based on 

supplied image data, so as to form an image on 
the image carrier. 

3. A beam position controlling apparatus according to 
30 claim 1 or 2, characterized in that the conversion 

means includes 

means (62) for integrating the first signal out- 
putted from the detecting means so as to gen- 
35 erate an integrated signal; and 

means (62) for converting the integrated signal 
to the second signal. 

4. A beam position controlling apparatus according to 
40 claim 1 , characterized by further comprising 

means (52) for storing the adjustment amount 
obtained by the calculating means. 

45 5. A beam position controlling apparatus according to . 
claim 4, characterized in that the adjusting means 
includes 

means (33a to 33d, 39a to 39d) for performing . 
so adjustment operation based on the adjustment 

amount stored in the storing means. 

6. A beam position controlling apparatus according to 
claim 1. characterized in that the adjusting means 
55 includes 

means (dda to 33d, 39a to 39d) having a gai- 
vano mirror (33a to 33d) and a drive circuit (39a 
to 39d) for supplying a predetermined current 
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to rotate the galvano mirror, such that the cur- 
rent is supplied to the drive circuit only during 
the adjustment operation. 

7. A beam position controlling apparatus according to 
claim 1, characterized in that the detecting means 
includes 

a first sensor (S3a, S4a, S5a, S6a, S7a and 
S8a) and a second sensor (S3b, S4b, S5b, 
S6b, S7b and S8b) disposed in the second 
direction. 

8. A beam position controlling apparatus according to 
claim 7, characterized in that the detecting means 
includes 

means for oirtputting a difference signal 
between signals outputted from the first and 
second sensors, as the first signal. 

9. A beam position controlling apparatus according to 
claim 1 or 2, characterized in that the calculating 
means includes 

means for making the detecting means execute 
detection operation for a number of times equal 
to a multiple of a number of the reflection sur- 
faces of the deflecting means by an integer, 
and for calculating the adjustment amount 
based on an average value of a plurality of 
detection results thereby obtained. 

10. A beam position controlling apparatus according to 
claim 1 or 2, characterized in that 

the generating means includes a plurality of 
light sources (31a to 31d), and wherein 
the detecting means is characterized in that 
there are provided a plurality of detecting 
means corresponding in number to the plurality 
of light sources. 

11. A beam position controlling apparatus according to 
claim 2, characterized by further comprising 

means (1 1) for rotating the deflecting means. 

* 12. A beam position controlling apparatus according to 
claim 2, characterized in that the adjusting means 
includes 

means having a galvano mirror (35) and a drive 
circuit (37) for supplying a predetermined cur- 
rent to rotate the galvano mirror, such that the 
current is supplied to the drive circuit only dur- 
ing the adjustment operation and during image 
forming operation by the image forming means. 



13. A beam position controlling apparatus according to 
claim 2. characterized by further comprising 

means (51) for substantially switching a sensi- 
5 tivity of the detecting means between the 

adjustment operation by the adjusting means 
and the image forming operation by the image 
forming means. 

w 14. A beam position controlling apparatus according to 
claim 13, characterized in that the switching means 
includes 

means (31a to 31d, 51) for controlling the gen- 
is erating means such that the beam is emitted at 

a first intensity during the image forming opera- 
tion by the image forming means and the beam 
is emitted at a second intensity stronger than 
the first intensity during the adjustment opera- 
te tion by the adjusting means. 

15. A beam position controlling apparatus according to . 
claim 13. characterized in that the switching means 
includes 

25 

means (51) for controlling the rotation means 
such that the deflecting means is rotated at a 
first speed during the image forming operation 
and the deflecting means is rotated at a second 
30 speed during the adjustment operation. 

16. A beam position controlling apparatus according to 
claim 13, characterized by further comprising 

35 means (51) for setting a mode in which the 

image forming means is made continuously 
perform image forming operation, and 
means (51) for controlling the adjusting means 
so as to perform adjustment operation within a 

40 period between formation of one image and 

formation of another one image while the 
image forming means continuously performs 
the image forming operation. 

45 17. A beam position controlling apparatus according to 
claim 2, characterized by further comprising 

means (51) for controlling the adjusting means 
so as to perform adjustment operation every 
so time when a predetermined time period has 

passed. 

18. A beam position controlling apparatus according to 
claim 2, characterized in that the detection means 
55 includes 

a first photo-sensor (S3a) and a second photo- 
sensor (S3b) disposed in the second direction. 
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19. A beam position controlling apparatus according to 
claim 18. characterized in that the detecting means 
includes 

means for detecting a difference signal 
between signals outputted from the first and 
second photo-sensors, as the first signal. 

20. A beam position controlling apparatus according to 
claim 2, characterized by further comprising: 

means (51) for setting a mode in which the 
image forming means is made continuously 
perform image forming operation; and 
means (51) for controlling the calculating 
means such that the calculating means calcu- 
lates the adjustment amount with a first accu- 
racy and thereafter with a second accuracy 
higher than than first accuracy, in a first image 
forming operation and calculates the adjust- 
ment amount only with the second accuracy in 
a second or more image forming operations, 
while the image forming means continuously 
performs the image forming operation. 

21. A beam position controlling apparatus character- 
ized by comprising: 

a plurality of means (31a to 31d) for respec- 
tively generating beams; 
means (35) having a plurality of reflection sur- 
faces, for deflecting the beams emitted by the 
plurality of beam emission means onto an 
image carrier so as to scan the image carrier in 
a first direction with the beams; 
means (36) for rotating the deflecting means; 
a plurality of first detecting means (S3a, S3b) 
respectively provided for the beams, for detect- 
ing an inclination of each of the beams 
deflected by the deflecting means to scan the 
image carrier, on a surface of the image carrier, 
and for outputting an analogue signal corre- 
sponding to the position of the beam; 
a plurality of second detecting means (S4a, 
S4b) different from the first detecting means, 
respectively provided for the beams, for detect- 
ing an inclination of each of the beams 
deflected by the deflecting means so as to scan 
the image carrier, on the surface of the image 
earner, and for outputting an analogue signal 
corresponding to the position of the beam; 
conversion means (63) for subjecting the ana- 
logue signals from the first and second detect- 
ing means to analogue/digital conversion so as 
to output a digital signal; 
means (40) for calculating an adjustment 
amount by which the position of each of the 
beam is corrected on the surface of the image 
earner, based on the digital signal outputted 



from the conversion means; and 
a plurality of means (40) respectively provided 
so as to correspond to the plurality of generat- 
ing means, for adjusting a position of each of 
5 the beams emitted from the plurality of generat- 

ing means in a second direction perpendicular 
to the first direction corresponding to a calcula- 
tion result obtained by the calculating means. 

10 22. A beam position controlling apparatus according to 
claim 21 . characterized by further comprising 

means (1 4) for controlling the plurality of gener- 
ating means so as to form an image on the 
75 image earner, such that the beams are emitted 

corresponding to supplied image data.- 

23. A beam position controlling apparatus according to 
claim 22, characterized in that the adjusting means 
20 includes 

means having a galvano mirror (33a) and a 
drive circuit (39a) for supplying a predeter- 
mined current to rotate the galvano mirror, such 
25 that the current is supplied to the drive circuit 

only during the adjustment operation and dur- 
ing image forming operation by the image form- 
ing means. 

30 24. A beam position controlling apparatus according to 
claim 21, characterized by further comprising 

means (51) for substantially switching a sensi- 
tivity of the detecting means between the 
as adjustment operation by the adjusting means 

and the image forming operation by the image 
forming means. 

25. A beam position controlling apparatus according to 
40 claim 21 , characterized in that the switching means 

includes 

means (32, 51) for controlling the generating 
means such that the beams are emitted at a 
45 first intensity during the image forming opera- 

tion by the image forming means and the 
beams are emitted at a second intensity 
stronger than the first intensity during the 
adjustment operation by the adjusting means. 

so 

26. A beam position controlling apparatus according to 
claim 23. characterized in that the switching means 
includes 

55 means (37, 51) for controlling the rotating 

means such that the deflecting means is 
rotated at a first speed during the image form- 
ing operation and the deflecting means is 
rotated at a second speed during the adjust- 
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ment operation. 

27. A beam position controlling apparatus according to 
claim 21, characterized in that 

the plurality of first detecting means are pro- 
vided at a pitch corresponding to a first resolu- 
tion, and the plurality of second detecting 
means are provided at a second resolution dif- 
ferent from the first resolution. 

28. A beam position controlling apparatus according to 
claim 21, characterized by further comprising 

means (51) for inhibiting the plurality of gener- 75 
ating means from simultaneously emitting two 
or more beams, to inhibit two or more of the 
adjusting means from simultaneously operat- 
ing. 

so 
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